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I, Aiji Yamamoto, residing at 1-13-16, Shibayama, Funabashi-shi, Chiba 
ken, Japan, state- 
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that I translated, from Japanese into English, the description, claims, 
abstract and drawings of International Application No. PCT 
/JP2004/009988, filed July 7, 2004; 

that the sheet next following this sheet is a copy of the Request of the 
said application as published as International Publication and is 
attached hereto in lieu of an English translation of the Request in the 
said application; and 

that the attached English translation is a true and accurate translation 
to the best of my knowledge and belief. 
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DESCRIPTION 

TRIGGER^ S IGNAL GENERATING JSYSTEM CAPABLE OF 
ACCURATE TRIGGERING AT ARBITRARY BIT POSITION 
OF FRAME SIGNAL AND FRAME SIGNAL WAVEFORM 
OBSERVATION SYSTEM USING THE SAME 

Technical Field 

The present invention relates to a trigger signal 
generating system and a frame signal waveform 
observation system using the trigger signal generating 
system, or in particular to a trigger signal generating 
system including a trigger signal generating apparatus 
and method and a frame signal waveform observation 
system including a frame signal waveform observation 
apparatus and method using the trigger signal 
generating system which employ a technique capable of 
accurate triggering at an arbitrary bit position of 
the frame signal in order to accurately acquire and 
observe the waveform at an arbitrary bit position. 

Background Art 

In a digital synchronous network for transmitting 
a data signal multiplexed as a frame signal such as 
a digital synchronous transmission system including 
a synchronous digital hierarchy (SDH) , synchronous 
optical network (SONET) or optical transport network 
(OTN) , a large phase fluctuation (jitter or wander) , 
if any, of the data signal would make it impossible to 
transmit the data signal correctly. 



In constructing a digital synchronous data 
transmission system, therefore, it is necessary to 
accurately measure the resistance to the phase 
fluctuation and the transmission characteristic of the 
various transmission devices of the system in advance. 

This measurement requires accurate determination 
of the phase variation of the data signal applied 
to the transmission devices to be measured and the 
phase variation of the data signal output from the 
transmission devices . 

As a conventional technique for grasping the phase 
variation of the data signals, a method is known 
wherein the data signal is input to the oscilloscope 
and the width W of the level transition portion of the 
eye pattern displayed as shown in FIG. 7 is observed 
(Patent Document 1: Jpn. Pat. Appln. KOKAI Publication 
No. 5-145582) . 

The phase variation is of either random noise 
type or dependent on the pattern of the data signal. 
In the observation of the eye pattern described above, 
the user can grasp only the maximum value of the phase 
variation as a combination of both types, and cannot 
determine the phase lead or lag of each bit position of 
the frame signal such as the actual data signal 
composed of predetermined bits. 

Disclosure of Invention 

The object of this invention is to provide 



a trigger signal generating system and a frame signal 
waveform observation system using the trigger signal 
generating system, or in particular to a trigger signal 
generating system including a trigger signal generating 
apparatus and method and a frame signal waveform 
observation system including a frame signal waveform 
observation apparatus and method using the trigger 
signal generating system which employ a technique 
capable of accurate triggering at an arbitrary bit 
position of the frame signal in order to accurately 
acquire and observe the waveform at an arbitrary bit 
position . 

According to a first aspect of the invention, 
there is provided a trigger signal generating apparatus 
(20) comprising: 

a frame synchronous circuit (21) which receives 
a frame signal having a predetermined bit rate and 
outputs a synchronous signal in synchronism with 
an input timing of leading data of the frame signal; 

a position information output circuit (22) which 
receives the synchronous signal output by the frame 
synchronous circuit and outputs position information 
indicating an input bit position of the frame signal; 

a position designator (23) which designates 
an arbitrary bit position of the frame signal; and 

a trigger signal generating circuit (24) which 
outputs a trigger signal at a timing when the position 



information output by the position information output 
circuit is coincident with the arbitrary bit position 
designated by the position designator. 

According to a second aspect of the invention, 
there is provided a trigger signal generating apparatus 
of the first aspect, wherein the frame signal having 
the predetermined bit rate is a frame signal 
transmitted through a digital synchronous network. 

According to a third aspect of the invention, 
there is provided a trigger signal generating apparatus 
of the second aspect, wherein the frame signal 
transmitted by the digital synchronous network is that 
of one of the digital synchronous transmission systems 
including a synchronous digital hierarchy (SDH), 
synchronous optical network (SONET) and optical 
transport network (OTN) . 

According to a fourth of the invention, there is 
provided a trigger signal generating apparatus of the 
third aspect, wherein when the frame signal transmitted 
by the digital synchronous network is associated with 
one of the digital synchronous transmission systems 
including SDH, SONET and OTN, the arbitrary bit 
position designated by the position designator is 
a specified part of an overhead of the frame signal of 
the digital synchronous transmission system. 

According to a fifth aspect of the invention, 
there is provided a trigger signal generating apparatus 



of the fourth aspect, wherein the specified part of the 
overhead of the frame signal of the digital synchronous 
transmission system is not scrambled. 

According to a sixth aspect of the invention, 
there is provided a trigger signal generating apparatus 
of the first aspect, further comprising: 

a clock recovery circuit (30) which receives the 
frame signal having the predetermined bit rate and 
recovers and outputs a clock from the frame signal. 

According to a seventh aspect of the invention, 
there is provided a frame signal waveform observation 
apparatus (40) comprising: 

a trigger signal generating apparatus (20) 
comprising; 

a frame synchronous circuit (21) which receives 
a frame signal having a predetermined bit rate and 
outputs a synchronous signal in synchronism with 
an input timing of leading data of the frame signal, 

a position information output circuit (22) which 
receives the synchronous signal output by the frame 
synchronous circuit and outputs position information 
indicating an input bit position of the frame signal, 

a position designator (23) which designates 
an arbitrary bit position of the frame signal, and 

a trigger signal generating circuit (24) which 
outputs a trigger signal at a timing when the position 
information output by the position information output 



circuit is coincident with the arbitrary bit position 
designated by the position designator; and 

a sampling oscilloscope (25) which receives 
the trigger signal output from the trigger signal 
generating circuit of the trigger signal generating 
apparatus, sampling the frame signal with a trigger 
signal input timing as a reference timing and acquiring 
and displaying waveform information in a neighborhood 
of the arbitrary bit position designated by the 
position designator . 

According to a eighth aspect of the invention, 
there is provided a frame signal waveform observation 
apparatus of the seventh aspect, wherein the sampling 
oscilloscope has a function of acquiring the waveform 
information in the neighborhood of designated arbitrary 
bit position for a plurality of times and averaging 
them thereby to display averaged waveform information 
in the neighborhood of the designated arbitrary bit 
position in such a manner that a phase variation 
dependent on a bit pattern of the frame signal can be 
measured while suppressing the phase variation of 
random noise type of the frame signal. 

According to a ninth aspect of the invention, 
there is provided a frame signal waveform observation 
apparatus of the seventh aspect, wherein the frame 
signal having the predetermined bit rate is transmitted 
by a digital synchronous network. 



According to a tenth aspect of the invention, 
there is provided a frame signal waveform observation 
apparatus of the ninth aspect, wherein the frame signal 
transmitted by the digital synchronous network is that 
of one of the digital synchronous transmission systems 
including a synchronous digital hierarchy (SDH) , 
synchronous optical network (SONET) and optical 
transport network (OTN) . 

According to a eleventh aspect of the invention, 
there is provided a frame signal waveform observation 
apparatus of the tenth aspect, wherein when the frame 
signal transmitted by the digital synchronous network 
is associated with one of the digital synchronous 
transmission systems including SDH, SONET and OTN, the 
bit position designated by the position designator is 
a specified part of an overhead of the frame signal of 
the digital synchronous transmission system. 

According to a twelfth aspect of the invention, 
there is provided a frame signal waveform observation 
apparatus of the eleventh aspect, wherein the specified 
part of the overhead of the frame signal of the digital 
synchronous transmission system is not scrambled. 

According to a thirteenth aspect of the invention, 
there is provided a frame signal waveform observation 
apparatus of the seventh aspect, wherein the trigger 
signal generating apparatus further comprises a clock 
recovery circuit (30) which receives the frame signal 
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having the predetermined bit rate and recovers and 
outputs a clock from the frame signal, and 

wherein the sampling oscilloscope (25) of the 
frame signal waveform observation apparatus acquires 
and displays waveform information of the clock 
recovered by the clock recovery circuit in addition to 
displaying the waveform information in a neighborhood 
of arbitrary bit position of the frame signal 
designated by the position designator. 

According to a fourteenth aspect of the invention, 
there is provided a frame signal waveform observation 
apparatus of the eighth aspect, wherein the trigger 
signal generating apparatus further comprises a clock 
recovery circuit (30) which receives the frame signal 
having the predetermined bit rate and recovers and 
outputs a clock from the frame signal, and 

wherein the sampling oscilloscope (25) of the 
frame signal waveform observation apparatus has 
a function of acquiring waveform information in the 
neighborhood of designated arbitrary bit position for 
a plurality of times and averaging them and the 
function of acquiring the waveform information of the 
clock recovered by the clock recovery circuit (30) and 
averaging them, whereby a phase variation of random 
noise type is suppressed thereby to display the 
waveform information in the neighborhood of the 
designated arbitrary bit position of the frame signal 



and the averaged waveform information of the clock with 
the phase variation of random noise type suppressed. 

According to a fifteenth aspect of the invention, 
there is provided a trigger signal generating method 
comprising : 

receiving a frame signal having a predetermined 
bit rate and outputting a synchronous signal in 
synchronism with an input timing of leading data of the 
frame signal; 

receiving the synchronous signal and outputting 
position information indicating an input bit position 
of the frame signal; 

designating an arbitrary bit position of the frame 
signal; and 

outputting a trigger signal at a timing when the 
position information is coincident with the designated 
arbitrary bit position. 

According to a sixteenth aspect of the invention, 
there is provided a trigger signal generating method 
according of the fifteenth aspect, wherein the frame 
signal having the predetermined bit rate is transmitted 
by a digital synchronous network. 

According to a seventeenth aspect of the inven- 
tion, there is provided a trigger signal generating 
method according of the sixteenth aspect, wherein the 
frame signal transmitted by the digital synchronous 
network is that of one of the digital synchronous 
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transmission systems including a synchronous digital 
hierarchy (SDH) , synchronous optical network (SONET) 
and optical transport network (OTN) . 

According to a eighteenth aspect of the invention, 
there is provided a trigger signal generating method 
according of the seventeenth aspect, wherein when the 
frame signal transmitted by the digital synchronous 
network is associated with one of the digital 
synchronous transmission systems including SDH, SONET 
and OTN, the arbitrary bit position of the frame signal 
designated as a trigger signal generating position is 
a specified part of an overhead of the frame signal of 
the digital synchronous transmission system. 

According to a nineteenth aspect of the invention, 
there is provided a trigger signal generating method 
according of the eighteenth aspect, wherein the 
specified part of the overhead of the frame signal of 
the digital synchronous transmission system is not 
scrambled. 

According to a twentieth aspect of the invention, 
there is provided a trigger signal generating method 
according of the fifteenth aspect, further comprising: 

receiving the frame signal having the predeter- 
mined bit rate and recovering and outputting a clock 
from the frame signal. 

According to a twenty-first aspect of the 
invention, there is provided a frame signal waveform 



observation method comprising: 

receiving a frame signal having a predetermined 
bit rate and outputting a synchronous signal in 
synchronism with an input timing of leading data of 
the frame signal; 

receiving the synchronous signal and outputting 
position information indicating an input bit position 
of the frame signal; 

designating an arbitrary bit position of the frame 
signal ; 

outputting a trigger signal at a timing when the 
position information is coincident with the designated 
arbitrary bit position; and 

receiving the trigger signal, sampling the 
frame signal with a trigger signal input timing as ■ 
a reference timing and acquiring waveform information 
of the designated arbitrary bit position of the frame 
signal . 

According to a twenty-second aspect of the 
invention, there is provided a frame signal waveform 
observation method of the twenty-first aspect, further 
comprising : 

acquiring the waveform information in a 
neighborhood of the designated arbitrary bit position 
of the frame signal having the predetermined bit rate 
repeatedly for a plurality of times; 

averaging the waveform information in the 



neighborhood of the designated arbitrary bit position 
of the frame signal acquired for the plurality of 
times; and 

suppressing a phase variation of random noise type 
of the frame signal and displaying the phase variation 
dependent on a bit pattern of the frame signal in 
a measurable way, based on the waveform information 
in the neighborhood of the designated arbitrary bit 
position of the frame signal which have been averaged. 

According to a twenty-third aspect of the 
invention, there is provided a frame signal waveform 
observation method of the twenty-first, wherein the 
frame signal having the predetermined bit rate is 
transmitted by a digital synchronous network. 

According to a twenty-fourth aspect of the 
invention, there is provided a frame signal observation 
method of the twenty-third aspect, wherein the frame 
signal transmitted by the digital synchronous network 
is that of one of the digital synchronous transmission 
systems including a synchronous digital hierarchy 
(SDH) , synchronous optical network (SONET) and optical 
transport network (OTN) . 

According to a twenty-fifth aspect of the 
invention, there is provided a frame signal waveform 
observation method of the twenty-fourth aspect, wherein 
when the frame signal transmitted by the digital 
synchronous network is associated with one of the 



digital synchronous transmission systems including SDH, 
SONET and OTN, the bit position designated by the 
position designator is a specified part of an overhead 
of the frame signal of the digital synchronous 
transmission system. 

According to a twenty-sixth aspect of the 
invention, there is provided a frame signal waveform 
observation method of the twenty-fifth aspect, wherein 
the specified part of the overhead of the frame signal 
of the digital synchronous transmission system is not 
scrambled. 

According to a twenty-seventh aspect of the 
invention, there is provided a frame signal waveform 
observation method of the twenty-first aspect, further 
comprising : 

receiving the frame signal having the predete- 
rmined bit rate and recovering and outputting a clock 
from the frame signal; 

acquiring by sampling a waveform information of 
the clock recovered from the frame signal; and 

displaying the waveform information of the clock 
acquired by sampling. 

According to a twenty-eighth aspect of the 
invention, there is provided a frame signal waveform 
observation method of the twenty-second aspect, further 
comprising : 

receiving the frame signal having the 



predetermined bit rate and recovering and outputting 
a clock from the frame signal; 

acquiring, by sampling for a plurality of times, 
the waveform information of the clock recovered from 
the frame signal; 

averaging the waveform information of the clock 
acquired by sampling for a plurality of times; and 

displaying, as related to each other, averaged 
waveform information of the clock and the averaged 
waveform information in the neighborhood of the 
designated arbitrary bit position of the frame signal 
in order to make it possible to measure a phase 
variation dependent on a bit pattern of the frame 
signal by comparison with the averaged waveform 
information of the clock while suppressing the phase 
variation of random noise type of the frame signal. 

Brief Description of Drawings 

FIG. 1 is a block diagram for explaining the 
configuration according to an embodiment of the 
invention applicable to a trigger signal generating 
system comprising a trigger signal generating apparatus 
and method and a frame signal waveform observation 
system comprising a frame signal waveform observation 
apparatus 40 and method using the trigger signal 
generating system; 

FIGS. 2A, 2B, 2C, and 2D are timing charts for 
explaining the operation of the main portions in 



FIG . 1; 

FIGS. 3A, 3B, and 3C are timing charts for 
explaining the operation of the main portions in 
FIG. 1; 

FIG. 4 is a waveform diagram for explaining the 
operation of the main portions in FIG. 1; 

FIG. 5 is a block diagram for explaining the 
configuration according to another embodiment of the 
invention applicable to a trigger signal generating 
system comprising a trigger signal generating apparatus 
and method and a frame signal waveform observation 
system comprising a frame signal waveform observation 
apparatus 40 and method using the trigger signal 
generating system; 

FIG. 6 is a waveform diagram for explaining the 
operation of the main portions in FIG. 5; and 

FIG. 7 shows an eye pattern for explaining the 
conventional method of measuring the phase variation of 
the data signal. 

Best Mode for Carrying Out the Invention 

An embodiment of the invention is explained below 
with reference to the drawings. 

FIG. 1 is a block diagram for explaining the 
configuration according to an embodiment of the 
invention applicable to a trigger signal generating 
system including a trigger signal generating apparatus 
20 and method and a frame signal waveform observation 



system including a frame signal waveform observation 
apparatus 40 and method using the trigger signal 
generating system. 

Specifically, the trigger signal generating 
apparatus 20 includes a frame synchronous circuit 21 
which receives a frame signal of a predetermined bit 
rate and outputs a synchronous signal in synchronism 
with an input timing of leading data of the frame 
signal, a position information output circuit 22 which 
receives the synchronous signal output from the frame 
synchronous circuit 21 and outputs the position 
information indicating an input bit position of the 
frame signal, a position designator 23 which designates 
an arbitrary bit position of the frame signal, and 
a trigger signal generating circuit 24 which outputs 
a trigger signal at the timing when the position 
information output from the position information output 
circuit 22 is coincident with the arbitrary bit 
position designated by the position designator 23. 

The frame signal waveform observation apparatus 
40, on the other hand, includes the trigger signal 
generating apparatus 20 configured as described above 
and a sampling oscilloscope 25 which receives the 
trigger signal output from the trigger signal 
generating circuit 24 of the trigger signal generating 
apparatus 20, samples the frame signal with a trigger 
signal input timing as a reference timing and displays 



by acquiring waveform information in the neighborhood 
of the arbitrary bit position designated by the 
position designator 23. 

In FIG . 1, the frame synchronous circuit 21 
receives, for observation, a serial frame signal F 
having a predetermined bit rate R (for example, 
9.95 Gbps) used for a digital synchronous transmission 
system such as a synchronous digital hierarchy (SDH) , 
synchronous optical network (SONET) or optical 
transport network (OTN) , and outputs a synchronous 
signal S in synchronism with an input timing of leading 
data of the particular frame signal to the position 
information output circuit 22. 

The frame synchronous circuit 21 detects a 
predetermined code inserted at the leading position of 
an overhead of the frame signal F and outputs the 
synchronous signal S in synchronism with a detection 
timing . 

The predetermined code inserted at the leading 
position of the overhead of the frame signal F is 
a specified part of the overhead of the frame signal in 
a digital synchronous transmission system such as SDH, 
SONET or OTN. 

The specified part of the overhead of the frame 
signal in a digital synchronous transmission system 
such as SDH, SONET or OTN is a part of the leading 
portion of the overhead not scrambled. 
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The position information output circuit 22, 
upon receipt of the synchronous signal S from the 
frame synchronous circuit 21, outputs the position 
information P indicating the input bit position of 
the frame signal F . 

The position information output circuit 22 is 
configured of, for example, a counter for counting the 
signal of a frequency or a divided frequency signal 
thereof corresponding to the bit rate from the input 
timing of the synchronous signal S, which counter 
outputs the count output of the counter as the present 
input position information P of the frame signal F. 

The position designator 23 designates an arbitrar 
bit position Pa of the frame signal F. 

The arbitrary bit position Pa of the frame signal 
F may be a predetermined code inserted at the leading 
position of the overhead of the frame signal F such as 
a specified part of the overhead of the frame signal o 
the digital synchronous transmission system including 
SDH, SONET or OTN. 

The specified part of the overhead of the frame 
signal of the digital synchronous transmission system 
including SDH, SONET or OTN may be a part such as the 
leading portion of the overhead not scrambled. 

The trigger signal generating circuit 24 outputs 
a trigger signal G at the timing when the position 
information P output from the position information 



output circuit 22 coincides with the bit position Pa 
designated by the position designator 23. 

The trigger signal G is input to the sampling 
oscilloscope 25 together with the frame signal F. 

The sampling oscilloscope 25, by sampling the 
frame signal F with the input timing of the trigger 
signal G as a reference timing, acquires and displays 
the waveform information in the neighborhood of the bit 
position Pa designated by the position designator 23. 

Specifically, the sampling oscilloscope 25 samples 
the frame signal F a predetermined number (N) of times 
in each period Ts longer (or shorter) than an integer 
(K) multiple of the input period (the frame period of 
the frame signal F) of the trigger signal G by a small 
time AT, so that the waveform information in the 
neighborhood of the designated bit position is acquired 
with the time resolution of AT and displayed on the 
screen. 

In this case, the sampling oscilloscope 25 
includes therein an averaging unit 25a for acquiring 
the waveform information in the neighborhood of the 
designated bit position for a plurality of times and 
averaging them. In this way, the sampling oscilloscope 
25 has the function of suppressing the phase variation 
of random noise type of the frame signal F and 
displaying the phase variation dependent on a bit 
pattern of the frame signal F in a measurable way. 
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Next, the operation of the trigger signal 
generating apparatus 20 and the frame signal waveform 
observation apparatus 40 using the apparatus 20 is 
explained . 

Assume, for example, that the frame signals Fl, 
F2 and so forth of period T are input as shown in 
FIG. 2A. The frame synchronous circuit 21 outputs the 
synchronous signals S in synchronism with the leading 
position of each of the frame signals Fl, F2 and so 
forth as shown in FIG. 2B. 

The position information output circuit 22 that 
has received the synchronous signals S sequentially 
outputs the position information P indicating each 
input bit position of the frame signal F as shown in 
FIG. 2C. 

At the timing when this position information P is 
coincident with the bit position Pa designated by the 
position designator 23, the trigger signal generating 
circuit 24 outputs the corresponding trigger signal G 
as shown in FIG. 2D. 

The sampling oscilloscope 25, as shown in FIG. 3A, 
internally generates sampling pulses Ps of period Ts 
equal to K-T + AT (K = 1 in the case under considera- 
tion) to the trigger signal G input in period T, as 
shown in FIG. 3B and acquires the waveform information 
Hd by sampling the data signal of the Pa-th bit (which 
may include a subsequent bit) of each frame the number 



N of times using the sampling pulses Ps as shown in 
FIG. 3C. 

The time width of the waveform information Hd thus 
acquired is given as N-AT which is equal to N-AT-R in 
terms of bit width. 

The waveform information Hd, as shown in FIG . 4, 
is displayed on the screen with the time resolution AT 
with the first sampling timing as a reference timing 

to . 

In the case of the waveform such as Hd undergoing 
the transition from 0 to 1 to 0 as shown in FIG. 4, 
the user can grasp the amount of phase variation 
with respect to the reference timing by checking the 
difference between the reference timing tO and the rise 
time of the waveform or the difference between the 
timing when 1/R has passed from the reference timing tO 
and the fall time of the waveform. 

When a different bit position Pa is designated by 
the position designator 23, on the other hand, the user 
can observe the waveform at the designated position. 

Thus, by designating all the bit positions using 
the position designator 23, for example, the user 
can grasp the amount of phase variation at each bit 
position by observing the waveform at each of the 
designated positions on the screen of the sampling 
oscilloscope 25. 

In this case, the sampling oscilloscope 25 



includes an internal averaging unit 25a having the 
function of acquiring the waveform information in the 
neighborhood of the designated arbitrary bit position 
for a plurality of times and averaging them. Thus, the 
phase variation dependent on the bit pattern of the 
frame signal is displayed on the screen in a measurable 
way while suppressing the phase variation of random 
noise type of the frame signal. 

As a result, the user can accurately grasp, 
without being affected by the phase variation of random 
noise type, a particular bit position of the frame 
signal associated with a large phase variation, i.e., 
the pattern-dependent phase variation of the frame 
signal . 

FIG. 5 is a block diagram for explaining the 
configuration of another embodiment of the invention 
applicable to a trigger signal generating system 
comprising a trigger signal generating apparatus 20 1 
and method and a frame signal waveform observation 
system comprising a frame signal waveform observation 
apparatus 40 1 and method using the trigger signal 
generating system. 

In FIG. 5, the component parts similar to those 
of the trigger signal generating apparatus 20 and 
the frame signal waveform observation apparatus 40 
according to the embodiment shown in FIG. 1 and 
described above are designated by the same reference 



numerals, respectively, and not explained again. 

In the frame signal waveform observation apparatus 
40 according to the embodiment shown in FIG . 1, 
only the waveform of the frame signal is observed. 
According to the embodiment, in contrast, the. addition 
of a clock recovery circuit 30 to the configuration of 
FIG. 1 makes it possible to observe the clock waveform 
information at the same time, as in the trigger signal 
generating apparatus 20 1 and the frame signal waveform 
observation apparatus 40 1 shown in FIG. 5. 

Specifically, the clock C is recovered from the 
frame signal F by the clock recovery circuit 30, and 
the clock C thus recovered is input to the sampling 
oscilloscope 25 together with the frame signal F. 

In this case, the sampling oscilloscope 25 
includes therein an averaging unit 25a which acquires, 
a plurality of time, the waveform information in the 
neighborhood of the designated bit position and- the 
clock C recovered from the frame signal F by the clock 
recovery circuit 30, and averages them. In this way, 
the sampling oscilloscope 25 has the function of 
suppressing the phase variation of random noise type of 
the frame signal F and displaying, in a measurable way, 
the phase variation dependent on the bit pattern of the 
frame signal F as related to the clock C. 

As a result, the sampling oscilloscope 25 samples 
the frame signal F and the clock C with the input 
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timing of the trigger signal G as a reference timing as 
in the aforementioned case while at the same time 
acquiring the waveform information of the two signals 
a plurality of times and averaging them through the 
5 averaging unit 25a. Thus, the waveform information Hd, 

He of the two signals can be acquired, and as shown in 
FIG. 6, displayed in vertical juxtaposition on the same 
time axis on the screen. 

The clock recovery circuit 30 can be configured 

10 of, for example, a waveform shaping circuit and a 

bandpass filter (BPF) of a narrow bandwidth having the 
frequency corresponding to the bit rate of the frame 
signal as a central frequency of passband. Thus, the 
clock C free of the effect of the phase variation 

15 (i.e., free of the phase fluctuation) of the frame 

signal F can be recovered. 

The user checks the phase difference between the 
waveform of the clock C and the waveform of the frame 
signal F free of the phase fluctuation on the screen of 

20 the sampling oscilloscope 25, and thus can accurately 

and intuitively grasp the amount of the phase variation 
of each bit position of the frame signal F. 

Specifically, the user measures the time deviation 
between the rise and fall of the waveform of the 

25 averaged frame signal F and the rise or fall of the 

waveform of the averaged clock C based on the waveform 
information He of the clock C and the waveform 



information Hd of the frame signal F displayed in 
vertical juxtaposition on the same time axis on the 
screen of the sampling oscilloscope 25, and thus can 
accurately and intuitively measure the amount of phase 
variation occurring in dependence on the pattern of the 
data signal. 

In this case, the phase information output circuit 
22 is configured to count the recovered clock C and 
output the count as the position information P. 

As explained above, the trigger signal generating 
apparatus according to the invention comprises a frame 
synchronous circuit which receives a frame signal and 
outputs a synchronous signal in synchronism with the 
input timing of the leading data of the particular 
frame signal, a position information output circuit 
which receives the synchronous signal and outputs the 
position information indicating the input bit position 
of the frame signal, a position designator which 
designates an arbitrary bit position of the frame 
signal, and a trigger signal generating circuit which 
outputs a trigger signal at the timing when the 
position information output from the position 
information output circuit is coincident with the 
position designated by the position designator. 

Also, in the trigger signal generating method 
according to the invention, a frame signal of a prede- 
termined bit rate is received so that a synchronous 



signal is output in synchronism with the input timing 
of the leading data of the frame signal, the particular 
synchronous signal is received so that the position 
information indicating the input bit position of the 
frame signal is output, and an arbitrary bit position 
of the frame signal is designated so that a trigger 
signal is output at the timing when the position 
information is coincident with the designated bit 
position . 

As a result, the trigger signal generating system 
according to the invention, in which the trigger signal 
can be output accurately at an arbitrary bit position 
of the frame signal, can find various applications 
requiring a trigger signal. 

A frame signal waveform observation apparatus 
according to the invention, on the other hand, 
comprises a trigger signal generating apparatus having 
the aforementioned configuration, and a sampling 
oscilloscope which samples the frame signal with the 
input timing of the trigger signal from the trigger 
signal generating apparatus as a reference timing 
and thereby acquiring and displaying the waveform 
information in the neighborhood of the bit position 
designated by the position designator. 

Also, in a frame signal waveform observation 
method according to the invention, a frame signal of 
a predetermined bit rate is received so that a 



synchronous signal is output in synchronism with the 
input timing of the leading data of the frame signal, 
the particular synchronous signal is received so that 
the position information indicating the input bit 
position of the frame signal is output, an arbitrary 
bit position of the frame signal is designated so that 
a trigger signal is output at the timing when the 
position information is coincident with the designated 
bit position, and the trigger signal is received so 
that the frame signal is sampled with the trigger 
signal input timing as a reference timing so that 
the waveform information in the neighborhood of the 
designated bit position is acquired and displayed. 

For this reason, in the frame signal waveform 
observation system according to the invention, the data 
waveform at an arbitrary bit position of the frame 
signal can be accurately acquired and displayed, and 
therefore the user can accurately grasp the phase 
variation of the data from the particular waveform. 

Also, in the frame signal waveform observation 
system according to the invention comprising a clock 
recovery circuit which recovers the clock from 
the frame signal, the waveform information of both 
the frame signal and the clock are displayed on the 
sampling oscilloscope. The waveforms at the designated 
positions of the frame signal and the clock are 
compared with each other with the result that the user 
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can intuitively grasp the phase variation at each bit 
position . 



